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CONVERSION FACTORS

For readers who prefer to use metric units, conversion factors for inch-pound
units used in this report are listed below:

Multiply inch-pound units By To obtain SI units
acre 0.4047 hectare

acre-foot 0.001233 cubic hectometer
foot (ft) 0.3048 meter

foot squared per day (ft2/day) 0.09290 meter squared per day
gallon (gal) 3.785 liter

gallon per minute (gpm) 0.06308 liter per second
inch (in.) 25.40 millimeter

pound (1lb) 0.4536 kilogram

square mile (mi?2?) 259.0 hectare

To convert degrees Celsius (°C) to degrees Fahrenheit (°F) use the following:

°F=9/5 °C + 32.

vi



OCCURRENCE OF PESTICIDES, NITRATE, VOLATILE ORGANIC COMPOUNDS, AND TRACE
ELEMENTS IN GROUND WATER AND STREAMS, SOUTHEASTERN MISSOURI, 1986-87
BY

1 2
Thomas O. Mesko and Gale M. Carlson
ABSTRACT

Ground-water, surface-water, and streambed-sediment samples were collected
from domestic, irrigation, and public supply wells and streams in southeastern
Missouri during 1986-87 and analyzed for pesticides, total nitrate, volatile
organic compounds, and total recoverable trace elements. Laboratory analyses
identified 23 pesticides, nitrate, 3 volatile organic compounds, and 9 trace
elements in some of the samples. During the 2-year study 129 sites were
sampled. These included 74 domestic wells, 25 irrigation wells, 25
public-supply wells, and 5 stream sites. Of these sites, 26 domestic wells, 4
irrigation wells, 4 public-supply wells, and all 5 stream sites contained water
with detectable concentrations of some pesticides, some volatile organic
compounds, or some trace elements (including iron and manganese). Total nitrate
as nitrogen was detected in 81 of 137 domestic well samples and concentrations
in 24 of those samples were equal to or greater than 10 milligrams per liter.

1 Hydrologist, U.S. Geological Survey, Rolla, Missouri.

Environmental Specialist, Missouri Department of Health, Jefferson City,
Missouri.

Use of trade names in this report is for identification purposes only and does
not constitue endorsement by the U.S. Geological Survey.



INTRODUCTION

Land in southeastern Missouri has been intensively developed for
agricultural production. Large-scale production of cotton, rice, grain sorghum,
wheat, soybeans, and corn is associated with use of pesticides. Increased and
prolonged use of these pesticides can effect shallow ground- and surface-water
supplies that are used as sources of domestic, public, and irrigation supplies.
As a result of these concerns the U.S. Geological Survey, in cooperation with
the Missouri Department of Health and the Missouri Department of Natural
Resources, collected water samples from domestic and irrigation wells, and water
and streambed-sediment samples from streams in southeastern Missouri in
June-July and November 1986 and July and September 1987. In addition, the
Missouri Department of Natural Resources, Division of Environmental Quality,
Public Drinking Water Program, collected water samples from public-supply wells
in November 1986.

During 1984, southeastern Missouri produced 100 percent of the State's
cotton, 97 percent of the rice, 36 percent of the grain sorghum, 20 percent of
the wheat, 20 percent of the soybeans, and 7.2 percent of the corn. The total
harvested acreage during 1984 was more than 2,300,000 acres, excluding
miscellaneous crops, but decreased slightly during 1985 and 1986 (Missouri
Department of Agriculture, 1985, 1986, 1987).

Based on 1984 crop acreage and the average rate of pesticide application
for the most commonly used pesticides, an estimated 1 Mgal (million gallons) of
liquid and one-half million 1lb (pounds) of dry pesticides were applied to
agricultural land in the area. This corresponds to about 0.40 gal (gallon) plus
0.20 1b per acre of chemicals applied to the entire area (Mesko, 1987). The
pesticide-use data were estimated by multiplying the harvested acreage of a crop
by the application rate of the most commonly used pesticides on that crop type.
An average soil type was assumed, and total harvested acreage was used for the
six principal crop types in the area: cotton, rice, grain sorghum, wheat,
soybeans, and corn. Pesticides widely used were atrazine, alachlor, cyanazine,
metolachlor, trifluralin, propanil, 2,4-D, and 2,4,5-T. Many other pesticides
used in lesser gquantities have been identified by the Missouri Department of
Health from data supplied by the University of Missouri at Columbia.

Purpose and Scope

The purpose of this report is to present the results of water-quality
analyses of ground water from domestic, irrigation, and public-supply wells and
surface water and streambed sediment collected in June~July and November 1986,
and July and September 1987. Alsco included in this report is information
concerning the site location, description, well depth, and use of water.



Study Area

The Mississippi Alluvial Plain of Missouri encompasses about 4,000 mi?2
(square miles), or 2.5 million acres, of prime agricultural land in the Gulf
Coastal Plain Province (fig. 1). This region was originally covered by forests
and swamps but has become intensively developed for agricultural production.
The Mississippi River Valley alluvial aquifer is the surficial unit in the area,
except where older units crop out on Crowley's Ridge (table 1, in the back of
this report). The thickness of the alluvial aquifer ranges from O to more than
250 ft (feet), but generally is 100 to 200 ft thick (Luckey and Fuller, 1985).
Water levels fluctuate seasonally, but generally range from 10 to 20 ft below
land surface in the spring. Declines of 10 to 20 ft are common during the
summer and fall, but water levels seasonally return to previous levels during
recharge from precipitation that averages 44 to 50 in. (inches) per year. The
aquifer 1is characterized by 1large transmissivities that can exceed 50,000
ft2/day (feet squared per day). Water wells easily can yield 1,500 gpm (gallons
per minute) and can exceed 3,500 gpm. The aquifer is a significant source of
water for domestic, irrigation, and public-supply use that annually provides an
estimated 95,000 acre-feet of water for irrigation and 17,000 acre-feet of water
for municipal, industry, and domestic use (Luckey and Fuller, 1985).

Previous Investigations

The geohydrology and water quality of southeastern Missouri and the
northern Mississippi Alluvial Plain have been studied in detail, but sparse
information is available on the occurrence of organic chemicals in ground or
surface water. Cushing and others (1964) described the general geology of the
Mississippi embayment. Boswell and others (1968) described the availability and
chemical nature of ground water from Quaternary aquifers in the Mississippi
embayment. Hosman and others (1968) described the Tertiary aquifers and the
availability and chemical nature of water in these aquifers. Cushing and others
(1970) summarized the availability of water in the Mississippi embayment.
Luckey and Fuller (1980) tabulated well construction, geologic, water-level, and
ground-water quality data for wells in southeastern Missouri. The U.S. Army,
Corps of Engineers (1980) reported pesticide concentrations in water, streambed
sediment, and fish tissue samples from streams and ditches in Mississippi
County. Luckey and Fuller (1985) described the ground- and surface-water
systems in southeastern Missouri and documented, in detail, the movement and
occurrence of water in the alluvial aquifer. They reported pesticides in small
concentrations in water and streambed-sediment samples from selected ditches and
rivers draining southeastern Missouri. Brahana and others (1985) tabulated the
results of chemical analyses for major constituents, trace constituents,
dissolved gases, and stable and radioactive isotopes for wells sampled in the
northern Mississippi embayment. Crisp (1987) reported pesticide concentrations
in surface-water, streambed sediment, and fish samples taken from ditches and
streams in southeastern Missouri. Brahana and Mesko (1988) described regional
flow in the upper Cretaceous and adjacent aquifers in the northern Mississippi
embayment. Mesko and Berkas (1988) described general aquifer characteristics
and statistical water-quality information about the alluvial and underlying
aquifers in southeastern Missouri. Mesko (in press, a) described the subsurface
geology of Paleozoic, Mesozoic, and Cenozoic units in southeastern Missouri, and
in a related report, Mesko (in press, b) described the geohydrology and water
quality of Cenozoic and Mesozoic units of southeastern Missouri.
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Current (1988) investigations in the area are part of the Gulf Coast
Regional Aquifer-Systems Analysis (Grubb, 1984). The Cretaceous, Tertiary, and
younger sediments are being studied to evaluate the major aquifer systems in the
Gulf Coastal Plain.

Well-Numbering System

In this report, location of wells follows the General Land Office coordinate
system. According to this system (fig. 2), the first three sets of numbers of a
well number designate township, range, and section. The letters that follow
indicate quarter section, quarter-quarter section, and quarter-quarter-quarter
section. The quarter sections are represented by letters A, B, C, and D in
counterclockwise order, starting in the northeast quadrant. This number is
referred to as the local number. In addition, the latitude and longitude of
sites are also used. Latitude, shown first is in DDMMSS (degrees, minutes, and
seconds), and longitude is second, also shown in DDMMSS.

Selection and Description of Sampling Sites

The 1location of all sites sampled are shown in figures 3 and 4;
descriptions of the sites are given in table 2 (in the back of this report).
Sampling of wells and streams (sites 1-45) began in June 1986. Sites 1-40 (fig.
3) were selected because they were rural, shallow, alluvial, domestic wells used
as primary sources of drinking water. Depths of these wells ranged from 17 to
100 ft, averaging slightly less than 35 ft. Wide areal coverage was selected
for the best spatial coverage in rural areas. Sites 41-45 (fig. 4) were
selected because they were at the ditches and streams that drain the five major
basins in the region. Stream transport of pesticides in water or sediment from
the region can be monitored from these five sites. In July 1986, sites 110-112
(fig. 3) were selected because they were typical irrigation wells. The depth of
wells 110 and 112 were 116 and 90 ft and because they were capable of producing
large quantities of water, their radius of influence during pumping was much
greater than low-yielding domestic wells. Therefore, a more representative
sample of ground water in the aquifer could be obtained on a regional basis.

In November 1986, sites 1-40 and 43 were resampled. 1In a coordinated
effort, the Public Drinking Water Program of the Missouri Division of
Environmental OQuality sampled sites PDWP 1-25 (fig 3.), which were all
public-supply wells. Some of the public-supply wells were completed in the
shallow Mississippi River Valley alluvial aquifer. However, other wells were
completed into the underlying Wilcox, Claiborne, and upper Cretaceous aquifers.
For public-supply wells, data indicate well depths range from about 90 to 1,650
ft, averaging about 337 ft.

In July 1987, sites 1-40, except sites 6, 18, 21, and 26 were re-sampled
and sites 51-108 were established (fig. 3; no sites were established for 84 and
95) and sampled. Of these, 70 were domestic wells and 22 were irrigation wells.
The additional domestic wells (sites 51-68, 70-73, 75-83, 92, 94, and 104)
ranged in depth from 15 to 98 ft, averaging about 38 ft. The additional
irrigation wells (sites 69, 74, 85-91, 93, 96-103, and 105-108) ranged in depth
from 30 to 100 ft, averaging about 82 ft. In September 1987, selected sites
that had been previously sampled were resampled. For all domestic wells
sampled, depths ranged from 15 to 100 ft and averaged about 36 ft. For all
irrigation wells sampled, depths ranged from 30 to 116 ft and averaged about 84
ft.
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METHODOLOGY AND QUALITY CONTROL

During 1986-87, 129 sites, which included 74 domestic wells, 25 irrigation
wells, 25 public-supply wells, and 5 streams that drain the 5 major drainage
basins in the region, were sampled. Personnel from the U.S. Geological Survey,
Missouri Department of Health, Missouri Department of Natural Resources, and
county health officials collected the samples. Analyses were made by the
University of Missouri Environmental Trace Substances Laboratory for pesticides
in samples collected in June-July and November 1986 and for volatile organic
compounds in samples collected in June 1986. Also, the Missouri Department of
Health Laboratory analyzed samples collected during 1986 for physical
properties, common constituents, nitrate, trace elements, and duplicate
pesticide samples. All pesticide analyses are considered total recoverable
concentrations from unfiltered water samples. All nitrate as nitrogen (N)
analyses (as presented in this report) were made by the Missouri Department of
Health Laboratory and are considered total concentrations of nitrate as N. All
trace-element analyses also were made by the Missouri Department of Health
Laboratory and are considered total recoverable concentrations of trace
elements. Samples collected in July 1987 were analyzed for pesticides by the
University of Iowa Hygienic Laboratory and for physical properties, nitrate, and
trace elements by the Missouri Department of Health Laboratory. Samples
collected in September 1987 were analyzed for pesticides by both the University
of Iowa Hygienic and Missouri Department of Health Laboratories. A summary list
of pesticides that were analyzed or detected during a given sampling period is
presented in table 3 (in the back of this report).

Raw water samples collected for pesticides analyses in June-July and
November 1986 were treated in the field with 50 milliliters of methylene
chloride per gallon of sample as a preservative. Samples for trace elements
were acidified in the field. All other water samples were raw and untreated.
Volatile organic compound samples were collected by completely filling a sample
bottle, ensuring no air bubbles were trapped inside, and sealing the cap with
paraffin to prevent purgeable compounds from escaping. Streambed-sediment
samples were not treated. Ground-water samples were collected by purging a
well system as completely as possible and collecting the sample at or near the
pressure tank. Care was taken to ensure water did not travel through treatment
or softener systems. Information was obtained from the owner about crop types
grown near the well in recent years and if pesticides had been used at or near
the well recently. Stream and streambed-sediment samples were collected
according to techniques suggested by the U.S. Geological Survey (Guy and Norman,
1970).

Generally, well selection was based on a wide spatial distribution in rural
agricultural areas. Most domestic wells in the area are shallow, averaging less
than 35 ft in depth. Wells with known contamination or locations near
agricultural chemical storage and distribution facilities were not selected for
sampling. Also, widespread spatial distribution was used to minimize the
effects of soil type and associations, as described by Allgood and Persinger
(1979).

Because of the extremely small detection 1limits and concentrations of
pesticides analyzed, quality control and duplication of results were difficult.
Depending on the analyzing 1laboratory, several methods were used to ensure
quality results (tables 4A and 4B, in the back of this report). Distilled water
spike 41, dated November 19, 1986, was prepared by the Missouri Department of

9



Health Laboratory, spiked with chlordane at a concentration of 25.0 ug/L
(micrograms per liter), and analyzed by the University of Missouri Environmental
Trace Substances Laboratory. Chlordane was identified in this sample at a
concentration of 13.7 ug/L. Distilled water blank 42, dated November 19, 1986,
was a blank sample prepared by the Missouri Department of Health Laboratory and
analyzed by the University of Missouri Environmental Trace Substances
Laboratory. No pesticides were detected in this sample. Distilled water spikes
19 and 22, dated July 24, 1987, were prepared by a private laboratory, spiked
with alachlor and pendimethalin and analyzed by the University of Iowa Hygienic
Laboratory. Sample 19 was spiked with 0.1 pg/L of alachlor and 0.1 ug/L of
pendimethalin., Alachlor was detected in the sample at a concentration of 0.86
ug/L and pendimethalin was detected at a concentration of 0.85 ug/L. Sample 22
was spiked with 2.0 ug/L of alachlor and 2.0 ug/L of pendimethalin. Alachlor
was detected in the sample at a concentration of 0.73 ug/L and pendimethalin was
detected at a concentration of 0.74 ug/L. Distilled water blanks 1-4, dated
July 24, 1987, were prepared and analyzed by the University of Iowa Hygienic
Laboratory to check for contamination during sample processing. No pesticides
were detected in these samples.

Water samples were randomly selected from those collected in the field
in June-July and November 1986 and known quantities of a single pesticide were
added to the field water sample (matrix spike) and then analyzed by the
University of Missouri Environmental Trace Substances Laboratory (tables 4C and
4D, in the back of this report). The percentage of recovery for that particular
pesticide was then calculated by the following equation:

Percent recovery = SSR - SR x 100 (1)
SA

where SSR

concentration of the pesticide determined from analysis after the
spike was added;
SR = concentration of the pesticide (if any) determined from analysis of
the unspiked field water sample; and
SA = concentration of the spike added to the sample.
Generally, acceptable recovery ranges from about 75 to 125 percent, but this is
not a set rule and many variables must be considered.

A range of percent recovery also was calculated for wvarious pesticides
using pesticide-free water as a medium (tables 4C and 4D). A known quantity of
a single pesticide was added to pesticide-free water and analyzed. The
concentration of the pesticide was compared to the original quantity added and a
percentage of recovery was calculated using equation 1 and setting SR equal to
zero. Recovery tests for pesticides from distilled water blanks were conducted
at three concentration 1levels representing the minimum and maximum known
pesticide concentrations.

As a final form of quality assurance, both the University of Iowa Hygienic
and University of Missouri Environmental Trace Substances Laboratories randomly
split field samples and analyzed them as duplicates (indicated as XXdup in
tables 5, 7, 8, and 13, in the back of this report). In some instances, an
individual pesticide was detected in the original sample but not in the
duplicate sample, or conversely. This may be a result of the extremely small
concentrations of the pesticides detected or a result of being outside the range
of the percent recovery as shown in tables 4C and 4D.

10



PESTICIDES

Water and streambed-sediment samples were collected in June-July 1986 from
40 domestic wells, 3 irrigation wells, and 5 stream sites and analyzed for 34
pesticides (table 5, in the back of this report). The results of these analyses
indicate that 15 pesticides were detected at 29 sites. The sites included 21
domestic wells, 3 irrigation wells, and all 5 surface-water sites. Pesticides
detected included alachlor, atrazine, carbofuran, chlordane, cyanazine,
diazinon, methomyl, molinate, PCNB, pendimethalin, propanil, terbufos,
trifluralin, 2,4-D, and 2,4,5-T. In addition, 4 duplicate samples were
collected in June from sites 9, 15, 26, and 36 and analyzed for 26 pesticides by
the Missouri Department of Health Laboratory (table 6, in the back of this
report). No pesticides were detected in these four samples.

Water samples were collected in November 1986 from 40 domestic wells, 25
public water-supply wells, and 1 stream site and analyzed for 30 pesticides
(table 7, in the back of this report). The results of these analyses indicate
that 15 pesticides were detected at 19 sites. These sites included 15 domestic
wells and 4 public water-supply wells. Pesticides detected included alachlor,
atrazine, carbaryl, c¢yanazine, diazinon, fluometuron, linuron, metribuzin,
molinate, monocrotophos, paraquat, PCNB, trifluralin, 2,4-D, and 2,4,5-T.

Water samples were collected in July 1987 from 70 domestic wells and 22
irrigation wells and analyzed for 18 pesticides {(table 8, in the back of this
report). The results of these analyses indicate that six pesticides were
detected at five sites. The sites included four domestic and one irrigation
well. Pesticides detected included alachlor, atrazine, cyanazine, metolachlor,
propachlor, and trifluralin.

Water samples collected in September 1987 from 30 domestic and 3 irrigation
wells were analyzed for 5 pesticides. The results of the analyses are shown in
tables 9A and 9B (in the back of this report). One pesticide, 2,4-D, was
detected at two domestic wells.

PHYSICAL PROPERTIES, COMMON CONSTITUENTS, AND NITRATE

Samples collected in June 1986 indicate specific conductance ranged from
250 to 1,175 uS/cm (microsiemens per centimeter at 25 °Celsius) and pH ranged
from 5.1 to 7.0 (table 10, in the back of this report). Analyses of common
constituents included calcium, magnesium, sodium, potassium, bicarbonate,
sulfate, chloride, and fluoride. Residue on evaporation (at 180 °Celsius)
ranged from 207 to 866 mg/L (milligrams per liter). Of 40 samples analyzed, 24
had detectable concentrations of total nitrate as N and 10 samples had total
nitrate as N in concentrations equal to or greater than 10 mg/L. All samples
were from domestic wells.

Samples collected in November 1986 indicate specific conductance ranged
from 250 to 1,110 uS/cm and pH ranged from 4.5 to 6.6 (table 11, in the back of
this report). Analyses of common constituents included calcium, magnesium,
sodium, potassium, bicarbonate, sulfate, chloride, and fluoride. Residue on
evaporation ranged from 161 to 738 mg/L. Of 32 samples analyzed for total
nitrate as N, 23 had detectable concentrations, and 8 samples had concentrations
equal to or greater than 10 mg/L. All samples were from domestic wells.
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Samples collected in July 1987 indicate specific conductance ranged from
135 to 1,200 uS/cm and pH ranged from 5.2 to 8.0 (table 12, in the back of this
report). No analyses were conducted for common constituents during this
sampling program. Of 65 samples analyzed, 34 had detectable concentrations of
total nitrate as N, and 6 had concentrations equal to or greater than 10 mg/L.
Thirty-three of these samples were from domestic wells and one was from an
irrigation well.

VOLATILE ORGANIC COMPOUNDS

Samples collected in June 1986 were analyzed for 25 volatile organic
compounds (table 13, in the back of this report). Three volatile organic
compounds were detected in two domestic well samples. These compounds were
chloroform, trichlorfluoromethane, and 1,1,1-trichloroethane.

TRACE ELEMENTS

Samples collected in June 1986 indicate the presence of several trace
elements (table 14, in the back of this report). These included arsenic,
barium, cadmium, iron, manganese, and zinc. All samples were from domestic
wells.

Samples collected in November 1986 indicate the presence of several trace
elements (table 15, in the back of this report). These included arsenic,
barium, iron, lead, manganese, nickel, and zinc. All samples were from domestic
wells.

Of 65 samples collected in July 1987, 33 indicated the presence of several
trace elements (table 16, in the back of this report). These included arsenic,
barium, chromium, iron, lead, manganese, nickel, and zinc. Twenty-six samples
were from domestic wells and seven were from irrigation wells.

SUMMARY

During 1986-87, a total of 129 sites, including 74 domestic, 25 irrigation,
and 25 public-supply wells, and 5 stream sites, were sampled and analyzed for 55
pesticides, physical properties, common constituents, total nitrate, 25 volatile
organic compounds, and 10 total recoverable trace elements. One or more
pesticides were detected at 39 of these 129 sites during the study. Pesticides
detected include: alachlor, atrazine, carbaryl, carbofuran, chlordane,
cyanazine, diazinon, fluometuron, linuron, methomyl, metolachlor, metribuzin,
molinate, monocrotophos, paraquat, PCNB, pendimethalin, propachlor, propanil,
terbufos, trifluralin, 2,4-D, and 2,4,5-T. Total nitrate as nitrogen was
detected at 47 sites and concentrations exceeded 10 mg/L at 14 of those sites.

Results of analyses in June 1986 indicate specific conductance ranged from
250 to 1,175 uS/cm, pH ranged from 5.1 to 7.0, and residue on evaporation ranged
from 207 to 866 mg/L. Total nitrate as N was detected in 24 of 40 samples, and
10 of these were equal to or greater than 10 mg/L. In November 1986, specific
conductance ranged from 250 to 1,110 uS/cm, pH ranged from 4.5 to 6.6, and
residue on evaporation ranged from 161 to 738 mg/L. Total nitrate as N was
detected in 23 of 32 samples; 8 of these were equal to or greater than 10 mg/L.
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In July 1987, specific conductance ranged from 135 to 1,200 uS/cm, pH ranged
from 5.2 to 8.0, and residue on evaporation was not measured. Total nitrate as
N was detected in 34 of 65 samples, and 6 of these were equal to or greater than
10 mg/L. Of the 25 volatile organics analyzed in the June 1986 samples, 3 were
detected: chloroform, trichlorfluoromethane, and 1,1,l-trichloroethane.

Total recoverable concentrations of trace elements detected in samples
collected in June 1986 included arsenic, barium, cadmium, iron, manganese, and
zinc and in November 1986 included arsenic, barium, iron, lead, manganese,
nickel, and zinc. Total recoverable concentrations of trace elements detected
in samples collected in July 1987 included arsenic, barium, chromium, iron,

lead, manganese, nickel, and zinc.
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Table 1.--Generalized section of geologic formations and their hydrologic properties in southeastern Miesouri

System
Erathem and Series Aguifer Name Group Formation Hydrologic Properties
Mississippi River Major aquifer in southeast Missouri. May yielad 3,000
QUATERNARY Valley Alluvial Alluvium gallons per minute. Transmissivitiee of 50,000 feet
Aquiter squared per day. Thickness ranges from O to more
than 250 feet.
Jackson May be a semiconfining unit where present. Thickness
Formation ranges from O to about 1Q0 teet,
Cockfield May be a distinct aquifer where the Jackson Fourmation
Formataion overlies it, but normally has water-table conditions
where it is in contact with the alluvium. Thickness
ranges from O to about 140 feet.
Claiborne Aquifer |Claiborne Cook Mountain May be a confining unit where present. Thickness
Formation ranges from O to more than 150 feet.
Memphis Sand Secondary aquifer that is used for public and
: municipal supplies. May be confined where the
overlying Cook Mountain or Jackson Formatione are
present as clay. Thicknesgs ranges from outcrop(?)
CENO20IC TERTIARY to more than 700 feet.
Flour lsland May be a semiconfining unit present. Thickness
Formation ranges from outcrop(?) to more than 100 feet.
Fort Pillow A secondary aquifer that ie used for public and
Wilcox Aquifer Wilcox Sand municipal uee. May yield as much as 1,500 gallons
per minute. Transmieeivities may be 17,000 feet
squared per day. Thickness ranges from outcrop to
more than 400 feet. Mey be confined east of
Crowley's Ridge.
(?)
Old Breastworke(?) A 8ilty clay, less than 38 feet thick, tenatively
Formation assigned to the Midway group.
Porters Creek A major confining unit thoughout the area. May be
Clay undivided leaky where faulting has occurred. Thicknese ranges
from outcrup to more than 600 feet.
Midway
Clayton Hydroulogic propertiee are unknown. Thickness may be
rormation us much as 30 teet.
Owl Creek May be a confining unit where present. Thickness may
Formation be as much as 100 feet.
McNalry A major aquifer used for public and municipal use.
Sand Transmigsivities may range from less than 1,500
UPPER McNairxy to more than 4,000 feet squared per day. In
MESOZO1C CRETACEOUS Aquiter confined areae east of Crowley'as Ridge, wells
generally are flowing artesian with a positive
hydraulic head ranging from 1 foot to more than
40 feet with flow rates that wmay be more than
300 gallons per minute.
ORDOVICIAN Sedimentary An aquifer in southern Missouri that underlies the
AND Ozark Aquifer rocks, undif- unconsolidated sediments in southeast Missouri
CAMEBRIAN ferentiated as bedrock.
PALEOZOILIC
St. Francois Sedimentary An aquifer in southern Miesouri thati underlivse the
CAMBRIAN Aquiter rocks,- undif- unconsolidated sedimente in southeast Missouri
feruntiated as bedrock.
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ter from alluvial wells, July 1987

in wa

Table &.--Pesticide concentrations

[Analyses the by University of Iowa Hygienic Laboratory, lowa City, Iowa;

liter

in micrograms per

concentrations are total recoverable
<, less than the minimum detection limit; dup, duplicate samplel

Sample
location

Sample

Ethoprop Fonofos

Cyanazine Diazinon

Chloxpyrifos

date Alachlor Atrazine Butylate Carbaryl Carbofuran

3)

(fig.

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1

<0.1 <0 <0

<0.1

7-21-87
7-21-87
7-22-87
7-22-87
7-22-87

<.l

.1

<.l
<.1

<.1

.3
<.1

<.1

7-22-87
7-22-87

-

<.1

7-21-87
7-21-87

- .

<.1

<.1

10
11

<.1

7-21-87

<.1
<o
<o

7-21-87
7-21-87
7-21-87
7-22-87
7-22-87

12

13
14
15

51

<.1

<.1

<.1

<.1

15dup

-

<.1

<.1

7-21-87
7-21-87

16
17
19
20
22

<.1

<.l
<.1l

<.1

7-21-87
7-21-87

.

<.1

<.1l

<.1l .

7-22-87

o~
v Vv

<.
<

<.1
<.l
<.1l

<.1

7-21-87
7-21-87
7-21-87

23
24
25
27

<.1l

-

<.1

<.1

<.1

<.1l

6.0

7-21-87
7-22-87

<.1l

28

-

<.1l

<.1

<.1l

<.1
<.l

7-21-87
7-21-87

29
30
31

<.1

<.1

.

<.1
<.1

7-21-87
7-21-87

<.1

32

<.1

<.1

7-21-87

33

<.1

<.l

7-21-87

34
35
36

<.l

7-21-87
7-21-87

<.1

<.1

<.l

<.1

<.1

<.l
<.1

7-21-87 <.1
<.l

7-21-87

37

38



Table 8.--Pesticide concentrations in water from alluvial wells, July 1987--Continued

Sample
location

Sample
date

Cyanazine Diazinon Ethoprop Fonofos

Chlorpyrifos

i Butylate Carbaryl Carbofuran

Atrazine

Alachlor

(fig. 3)

<0.1 <0.1 <0.1

<0.1

<0.1

<0.1

<0.1 <0.1 <0.1

<0.1

7-21-87
7-21-87
7-21-87
7-21-87
7-21-87

39

<.l

39dup
40

<.l

<.1

<.1

<.1l

<.1

51

-

.

52

-

<.l

7-21-87
7-21-87
7-21-87
7-21-87
7-21-87

53

<.1

54
55

<.1l

.

<.l
<.1
<.1

-

<.1

56
57

-

<.1

<

7-21-87
7-21-87
7-21-87
7-21-87
7-21-87

58
59
60

<.1

<.1
<.l

<.l

<.1

61
62

<.1

.

<.1

52

.

<.l
<.l

7-21-87
7-21-87
7-21-87
7-21-87
7-23-87

63

64

.1

<
<.1

65

.

<.l

66

<.1l

67

<.1

<.1l

<.1

7-22-87
7-23-87
7-21-87

68

.

<.1l

69

-

<.1

70
71
72

.

<.1

7-21-87
7-21-87

-

.

<.1

.

<.l

7-21-87
7-21-87
7-21-87
7-21-87

73
74
75
76

<.l

.

<.1

<.1

.

.

<.l

<.l

. <.1

<.1

7-21-87

77

<.1

-

<.l

7-21-87
7-21-87
7-22-87

78

<.1

<.l

79
80

-

<.1
<.1
<.1

7-22-87
7-21-87

81

.

82



Table 8.--Pesticide concentrations in water from alluvial wells, July 1987--Continued

Sample
location

(fig.

Sample

Fonofos

Atrazine Butylate Carbaryl Carbofuran Chlorpyrifos Cyanazine Diazinon Ethoprop

Alachlor

date

3)

<0.1 <0.1

<0.1

<0.1

<0.1

<0.1 <0.1 <0.1 <0.1

<0.1

7-21-87
7-22-87
7-22-87
7-21-87
7-22-87

83
85

<.1

<.1
<.l

.

86
87

.

<.1
22

.

150

88

<.1

<.1
<.1
<.1
<.1
<.1

7-22-87
7-22-87
7-22-87
7-22-87
7-22-87

89

90

91

.

.

92

<.l

93

.

<.1
<.1l

<.l

7-22-87
7-22-87
7-22-87
7-22-87
7-22-87

94
96
97

<.1

<.1
<.1

98

99

53

<,1l

<.1

7-22-87

100
101

.

<.1

<.1

7-22-87

.

.1
<.1
<.1

<

7-22-87
7-22-87
7-22-87

02
103
104

<.1

7-22-87
7-22-87
7-22-87
7-22-87

105

<.1

<.1
<.1

<.1

106
107

.

<.1

108



Table 8.--Pesticide concentrations in water from alluvial wells, July 1987--Continued

Sample
location

Sample

Phorate Propachlor Propanil Terbufos Trifluralin

Pendimethalin

Metribuzin

date Metolachlor

(fig. 3)

<0.1 <0.1 <0.1 <0.1 <0.1 <0

<0.1

<0.1

7-21-87
7-21-87
7-22-87

<.1

<.1

<.1
<.1

<.l

7-22-87
7-22-87

-

<.1

. <.1

<.1

7-22-87
7-22-87

<.1

<.1
<.1

7-21-87
7-21-87
7-21-87

.

<.1

.

<.1

10

<.l

<.1

11

.

.

<.1

7-21-87
7-21-87
7-21-87

12

.

<.1
<.1

14

.

<.l
<.1

7-22-87
7-22-87

15
15dup

<.1

<.1

<.l

<.1
<.1

7-21-87
7-21-87

16
17

<.1

<.l

<.1l
<

7-21-87
7-21-87
7-22-87

19
20

<.l

<.1

22

<.1

<.l
<.l

7-21-87

7-21-87

24
25
27

<.1
<.1l

7-21-87
7-21-87
7-22-87

<.l

28

<.1

<.1

<.l
<.l
<.l

<.1

7-21-87
7-21-87
7-21-87
7-21-87

29
30
31
32
33

.

-

<.l

<.1

7-21-87

<.l
<.1
<.1

7-21-87
<.1

34
35

<.1

.

7-21-87
7-21-87

-
v Vv

7-21-87
7-21-87

36
37
38

<.1

<.l



Table 8.--Pesticide concentrations in water from alluvial wells, July 1987--Continued

Sample
location

Sample

Propachlor Propanil Terbufos Trifluralin

Phorate

Pendimethalin

date Metolachlorxr Metribuzin

(fig. 3)

<0.1 <0.1 <0.1 <0.1 <0.1

<0.1

<0.1

<0.1

7-21-87
7-21-87
7-21-87
7-21-87
7-21-87

39

<.1

<.l

<.1
<.l
<.1
<.1

39dup
40
51

<.1

<.1l

<.1

52

<.1

<.l
<.1
<.1
<.1
<.1

7-21-87
7-21-87

53

54

.

7-21-87
7-21-87

55
56

<.1

7-21-87

57

<.1
<.1
<.1
<.1
<.1

7-21-87

58

7-21-87
7-21-87

59
60
61

-

.

7-21-87
7-21-87

62

55

<.1
<.1
<.1
<.1
<.1

7-21-87
7-21-87

63

64

7-21-87
7-21-87

65

66

<.1l

<.1

67

7-23—87'

<.l
<.1
<.l
<.1
<.1

7-22-87
7-23-87
7-21-87
7-21-87

68

<.1

<.1l

69

70
71

<.1

7-21-87

72

<.1

<.1
<.l
<.1
<.l
<.1

7-21-87
7-21-87

73

<,1

<.1

.

74
75

7-21-87
7-21-87
7-21-87

76
77

<.1

<.l

-

. o1

.

.

<.1

<.1
<.l
<.1
<.1
<.1

7-21-87

78
79

7-21-87
7-22-87

80

<.1

7-22-87
7-21-87

81

82



Table 8.--Pesticide concentrations in water from alluvial wells, July 1987--Continued

Sample
location

Sample

Propachlor Propanil Terbufos Trifluralin

Phorate

Pendimethalin

date Metolachlor Metribuzin

(fig. 3)

<0.1 <0 <0.1 <0 <0 <0.1 <0.1

<0.1

7-21-87
7-22-87
7-22-87
7-21-87
7-22-87

83

<.1
<,1

85

.

<.1

.

86

<.1

<.1

120

87

88

<.1l

<.1
<.1
<.1
<.1
<.1

7-22-87
7-22~-87

89
90
91

.

<,1

<.1

<.l

7-22-87
7-22-87
7-22-87

.

.

.

<,1

92

93

<.1
<,1
<.l

7-22-87
7-22-87
7-22-87

94
96
97

<,1

<.1

<.1

<.
<

.

<,1
<

.

<.1

<.1
<.1

7-22-87
7~-22-87

98
29

56

<.1
<.1

7-22-87
7-22-87

100
101
102
103
104

.

<,1
<,1

<.1
<.1
<.1

7-22-87
7-22-87

<.1

<,1

<.1

7~-22-87

<.1

<.1

<.l
<.1
<.1
<.1

7-22-87

105
106
107

7-22~-87

<.1

<.1

7-22-87
7~-22-87

108




Table 9A.--Pesticide concentrations in water from alluvial wells, September 1987,

(analyses by the University of Iowa Hygienic Laboratory, Iowa City, Iowa)

[concentrations are total recoverable in micrograms per liter;
<, less than the minimum detection limit]

Sample

location Sample

(fig. 3) date Chloramben Dianat Silvex 2,4-D 2,4,5-T
4 9-15-87 <0.1 <0.1 <0.1 <0.1 <0.1
5 9-15-87 <.l <.1 <.1 <.l <.1
6 9-15-87 <.1 <.l <.1 <.1 <.l
7 9-15-87 <.1 <.1 <.l <.1 <.1
9 9-14-87 <.1 <.l <.l <.1 <.1
12 9-14-87 <.1 <.1 <.1 <.1 <.1
14 9-16-87 <.l <.1 <.1 <.1 <.1
15 9-16-87 <.1 <.1 <.1 <.1 <.1
16 9-16-87 <.1 <.l <.1 <.l <.1
17 9-16-87 <.1 <.1 <.1 <.1 <.1
18 9-16-87 <.1 <.l <.l <.1 <.1
26 9-15-87 <.1 <.1 <.1 .2 <.1
29 9~16-87 <.1 <.1 <.1 .1 <.1
33 9-16-87 <.1 <.1 <.1 <.1 <.1
51 9-16-87 <.1 <.1 <.1 <.1 <.1
81 9-16-87 <.1 <.1 <.l <.1 <.1
86 9-15-87 <.1 <.l <.1 <.1 <.1
88 9-16-87 <.1 <.1 <.1 <.1 <.1
924 9-14-87 <.1 <.1 <,1 <.1 <.1
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Table 9B.--Pesticide concentrations in water from alluvial wells, September 1987,

(analyses by the Missouri Department of Health Laboratory,
Jefferson City, Missouri)

[concentrations are total recoverable in micrograms per liter;
<, less than the minimum detection limit]

Sample
location Sample
(fig. 3) date Silvex 2,4-D 2,4,5-T

7 9-15-87 <0.017 <0.03 <0.04
8 9-14-87 <.017 <.03 <.04

9 9-14-87 <.017 <.03 <.04
10 9-14-87 <.017 <.03 <.04
12 9-14-87 <.017 <.03 <.04
13 9-14-87 <.017 <.03 <.04
19 9-16-87 <.017 <.03 <.04
26 9-15-87 <.017 <.03 <.04
217 9-15-87 <.017 <.03 <.04
30 9-16-87 <.017 <.03 <.04
57 9-15-87 <.017 <.03 <.04
58 9-15-87 <.017 <.03 <.04
59 9-15-87 <.017 <.03 <.04
64 9-15-87 <.017 <.03 <.04
80 9-15-87 <.017 <.03 <.04
83 9-15-87 <.017 <.03 <.04
85 9-15-87 <.017 <.03 <.04
92 9-16-87 <.017 <.03 <.04
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Table 12.~-Physical properties and nitrate concentrations in water from
alluvial wells, July 1987

[Analyses by the Missouri Department of Health Laboratory, Jefferson City,
Missouri; values reported are those given to the U.S. Geological Survey by
the laboratory; uS/cm, microsiemens per centimeter at 25 °Celsius; mg/L,

milligrams per liter; <, less than the minimum detection limit; =-~, no datal

Sample Specific Nitrate as N,

location Sample conductance, pPH, total,

(fig. 3) date uS/cm standard units mg/L

1 7-21-87 375 6.3 4.4
8 7-22-87 135 5.7 7.1

11 7-21-87 150 7.5 <.05
19 7-21-87 1,200 6.9 .06
20 7-21-87 550 6.8 6.5
22 7-22-87 - 6.7 .07
23 7-21-87 450 7.0 <.05
24 7-21-87 500 7.4 <.05
25 7~-21-87 500 5.7 14
27 7-21-87 500 7.0 6.4
28 7-22-87 400 6.1 21
29 7-21-87 400 7.1 .06
30 7~-21-87 1,150 7.1 <.05
31 7-21-87 750 7.1 <.05
32 7-21-87 750 7.3 .36
33 7-21-87 950 7.1 .07
34 7-21-87 200 6.5 6.5
35 7-21-87 300 6.3 1.8
36 7-21-87 550 7.4 <.05
37 7-21-87 350 6.7 .07
38 7-21-87 300 5.9 16
39 7-21-87 350 7.1 <.05
40 7-21-87 400 7.1 2.1
51 7-21-87 650 7.4 5.2
52 7-21-87 350 5.7 15
53 7-21-87 500 5.2 .07
54 7-21-87 400 7.4 .83
55 7-21-87 700 7.6 <.05
56 7-21-87 400 7.2 <.05
57 7-21-87 600 7.4 <.05
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Table 12.--Physical properties and nitrate concentrations in water from
alluvial wells, July 1987--Continued

Sample Specific Nitrate as N,
location Sample conductance, PH, total,
(fig. 3) date BS/cm standard units mg/L
58 7-21-87 350 5.7 .11
68 7-22-87 1,000 6.5 .10
69 7-23-87 610 7.2 1.4
71 7-21-87 350 7.6 <.05
72 7-21-87 340 6.7 10
73 7-21-87 350 7.1 1.7
77 7-21-87 260 5.9 8.7
78 7-21-87 300 6.1 2.2
79 7-21-87 600 7.0 <,05
80 7-22-87 870 7.3 <.05
81 7-22-87 140 5.8 .49
83 7-21-87 300 6.0 4.1
85 7-22-87 390 7.4 <.05
86 7-22-87 700 7.5 <.05
87 7-21-87 350 8.0 <.05
88 7-22-87 250 5.8 14
89 7-22-87 250 7.8 <.05
90 7-22-87 300 7.8 <.05
91 7-22-87 300 7.6 <.05
92 7-22-87 700 7.2 <.05
93 7-22-87 400 7.1 <.05
94 7-22-87 300 7.1 <.05
96 7-22-87 350 7.5 <.05
97 7-22-87 300 7.6 .14
98 7-22-87 450 7.1 <.05
99 7-22-87 450 7.3 <.05
100 7-22-87 600 7.1 .09
101 7-22-87 400 7.4 <.05
102 7-22-87 600 7.2 <.05
103 7-22-87 400 7.1 <.05
104 7-22-87 550 6.8 .12
105 7-22-87 400 7.2 <.05
106 7-22-87 400 7.2 <.05
107 7-22-87 500 7.1 <.05
108 7-22-87 350 7.0 .11
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